A yellow-coloured, Gram-stain-negative, non-motile, rod-shaped bacterium, designated K-1-16 T , that is capable of degrading aliphatic hydrocarbons was isolated from oil-contaminated soil at Biratnagar, Morang, Nepal. It was able to grow at 15-45 C, at pH 5.5-9.5 and with 0-5 % (w/v) NaCl. This strain was taxonomically characterized by a polyphasic approach. 
hydrocarbons (octadecane, eicosane and docosane), which could be applicable for bioremediation.
Strain K- [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] T was isolated using a modified culture technique with six-well polycarbonate transwell plates as described previously [14] . To obtain pure colonies, the bacterial colonies were repeatedly streaked on R2A medium. The pure cultures obtained on R2A agar plates were stored at 4 C for short-term maintenance and restreaked every 3-4 weeks. Before use the strain was routinely cultivated by streaking on R2A agar with incubation at 28 C for 48 h. For long-term maintenance the cultures were preserved at
À70
C in R2A broth supplemented with 20 % (v/v) glycerol.
Genomic DNA of strain K- [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] T was extracted according to the procedure described by Marmur [15] . The 16S rRNA gene was amplified by PCR using forward primer 27F and reverse primer 1492R [16] . The PCR product was purified with a multiscreen-filter plate (Millipore), and was then sequenced with an Applied Biosystems 3730XL DNA analyser utilizing the BigDye terminator cycle sequencing kit v.3.1 (Applied Biosystems). A nearly complete sequence of the 16S rRNA gene was compiled with SeqMan software
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Sphingomonas panaciterrae DCY91 T (KF915801) (DNASTAR). The nearly complete 16S rRNA gene sequence of strain K- [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] T was 1435 bp in length. The closest phylogenetic neighbours for this sequence were identified by using the EZBioCloud server [17] . The 16S rRNA gene sequence of strain K- [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] T was subjected to complete alignments with the sequences of closely related bacteria using CLUSTAL X 2.1 [18] . After multiple alignments, gaps at the 5¢ and 3¢ ends were deleted using the software package BioEdit [19] . Phylogenetic trees were reconstructed with representative sequences using the neighbour-joining [20] , maximumparsimony [21] and maximum-likelihood [22] algorithms by applying the MEGA6 program [23] . During the phylogenetic analysis, evolutionary distances were calculated using the Kimura two-parameter model [24] , and bootstrap values were calculated based on 1000 replications [25] . Comparison of the resulting 16S rRNA gene sequence with available 16S rRNA gene sequences from GenBank by using the EZBioCloud server (http://ezbiocloud.net/) [17] T also showed a high degree of sequence similarity with Sphingomonas panaciterrae DCY91 (99.3 %) by using the ARB software package [26] . These values are at the level suggested to allocate a strain to a novel species [27, 28] . Furthermore, phylogenetic trees reconstructed with the maximum-likelihood (Fig. 1 Cell size and morphology of strain K- [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] T grown on R2A agar for 3 days at 28 C were studied by transmission electron microscopy (Bio-TEM, H-7650; Hitachi). Colony characteristics were observed after incubation of the bacterial cells at 28 C for 5 days on R2A agar. Gram staining type was determined by the method described by Doetsch [29] and by the KOH-staining technique [30] . A motility test was performed in SIM medium (Oxoid) and R2A medium supplemented with 0.4 % agar. Growth on different bacteriological culture media was assessed by using R2A agar (MB Cell), nutrient agar (NA; Oxoid), tryptone soya agar (TSA; Oxoid), sorbitol MacConkey agar (MA; Oxoid), marine agar 2216 (Difco), Luria-Bertani agar (LBA; Oxoid), veal infusion agar (VIA; Difco) and brain heart infusion agar (BHI; BD Bacto). Growth at different temperatures was observed in R2A broth incubated at 4-50 C (4, 10, 12, 15, 20, 25, 28, 30, 32, 35, 37, 40, 42, 45 and 50 C). For determining optimal growth temperature, growth absorbance was measured at 600 nm after 1, 3 and 5 day incubation periods. Growth in different NaCl concentrations was examined by using R2A broth as the basal medium supplemented with 0-7 % (w/v) NaCl (at intervals of 0.5 %) [31] . The optimum pH for growth was assessed in R2A broth and the medium was adjusted to pH 4.0-12.0 (at intervals of 0.5 pH units) prior to autoclaving using 0.1 M citrate/NaH 2 PO 4 buffer (for pH range 4.0-5.5), 0.1 M phosphate buffer (for pH range 6.0-7.5), 0.2 M Tris buffer (for pH range 8.0-10.0) [32] and 5 M NaOH (for pH range 10.5-12.0). Testing after autoclaving revealed only minor pH changes. Anaerobic growth was tested on R2A agar incubated at 28 C for 14 days by using a BBL anaerobic jar with a GasPak EZ Gas Generating Container (Becton Dickinson). Endospore formation was examined according to the Schaeffer-Fulton method by staining bacterial cells with malachite green. Catalase and oxidase tests were performed as described by Lin et al. [33] . The indole test was conducted by adding Kovac's reagent, and hydrogen sulphide production was tested by observing the presence or absence of blackening in SIM medium (Oxoid). The methyl red Voges-Proskauer (MR-VP) test was performed in MR-VP broth with incubation at 28 C for 48 h [34] . DNA degradation was assessed by flooding bacterial growth on the DNA agar plate with 1 M HCl [12] . Starch hydrolysis was performed as described previously [35] and Tween 40, Tween 80 and aesculin hydrolysis tests were conducted according to Smibert and Krieg [36] . Gelatin and casein hydrolysis were assessed according to the procedure described by Cowan and Steel [37] . Hydrolysis tests for CM-cellulose, tyrosine and chitin were conducted using R2A media supplemented with CMcellulose (1 %, w/v), tyrosine (0.1 %, w/v) and chitin (1 %, w/v) [38] . Other physiological, biochemical and enzymatic activity tests were performed using API 20NE, API ID 32GN and API ZYM test kits (bioM erieux) according to the manufacturer's instructions.
The respiratory quinones and polar lipids were analysed from freeze-dried cells as described by Minnikin et al. [39] . Isoprenoid quinones were extracted with methanol/water (10 : 1, v/v; water containing 0.3 % NaCl) and petroleum ether at 60-80 C, evaporated under a vacuum, re-extracted with acetone and analysed by HPLC [39, 40] . Two-dimensional TLC using chloroform/methanol/water (65 : 25 : 4; by vol.) in the first dimension and chloroform/methanol/ acetic acid/water (40 : 7.5 : 6 : 2, by vol.) in the second dimension was used to analyse the polar lipid profile. Appropriate detection reagents [39, 41] were used to visualize the spots: phosphomolybdic acid reagent (5 %, w/v, solution in ethanol; Sigma-Aldrich) was used to detect total polar lipids; ninhydrin reagent (0.2 %, w/v, solution; Sigma Life Science) was used to detect amino lipids; Zinzadze reagent (molybdenum blue spray reagent, 1.3 %; Sigma Life Sciences) was used to detect phospholipids; and a-naphthol reagent was used to detect glycolipids. For the analysis of fatty acids, strain K- [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] T and the reference strains were cultured on TSA plates at 28 C for 3 days. Biomass of all strains was harvested after the same growth phase (late log phase) and subjected to saponification and methylation, and fatty acids were extracted using the standard MIDI protocol (Sherlock Microbial Identification System, version 6.0B). Analysis of fatty acids was performed with a gas chromatograph (HP 6890 Series GC System; Hewlett Packard) and the fatty acids were identified using the TSBA6 database of the Microbial Identification System [42] . Polyamines were extracted and analysed according to a previously described technique [43, 44] . For determination of quantitative polyamine patterns, HPLC analysis was performed using the equipment as reported by Stolz et al. [45] .
Measurement of the G+C content of the chromosomal DNA for strain K- [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] T was performed according to the procedure described by Mesbah et al. [46] . DNA-DNA hybridization was performed between strain K-1-16
T and four reference strains (S. mucosissima DSM 17494 T , S. dokdonensis KACC 17420 T , S. faeni KCCM 41909 T and S. aurantiaca KCCM 41908 T ) according to the method described by Ezaki et al. [47] . Salmon sperm was used as the negative control and photobiotin was used as a probe to label DNA of strain K-1-16
T . The levels of DNA-DNA relatedness were determined fluorometrically in microplate wells using a 1420 Multilabel Counter (Perkin Elmer). Additionally, for reverse hybridization each reference strain was labelled with Growth at 45
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Propionic acid [48, 49] . All experiments were carried out in triplicate. After incubation, residual hydrocarbons were extracted by adding 10 ml of dichloromethane, HPLC grade (Duksan), and shaking for 24 h in a shaker at room temperature and then determined by GC [48, 50] .
Yellow colonies of strain K-1-16
T grew well on R2A agar and TSA. Transmission electron micrographs (Fig. S1 , available in the online Supplementary Material) of strain K- [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] T showed that cells were rod-shaped. Growth was observed at C and pH 5.5-9. T grew well in MSM media utilizing higher aliphatic hydrocarbons as an energy and carbon source. Tests for aliphatic hydrocarbon degradation showed that strain K-1-16 T was able to degrade around 39 % of a mixture of hydrocarbons (octadecane, eicosane and docosane) at an initial concentration of 900 p.p.m. after 14 days of incubation, under conditions of pH 7.0, cell density of 0.01 g ml À1 and temperature of 28 C. Other phenotypic characteristics of strain K- [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] T are given in the species description and illustrated along with those of other closely related species in Table 1 .
The predominant isoprenoid quinone of strain K-1-16 T was ubiquinone 10 (Q-10; 96.5 %) with trace amount of ubiquinone 9 (Q-9; 3.5 %), as found in all known members of the genus Sphingomonas. Strain K-1-16
T contained phosphatidylethanolamine, phosphatidylglycerol, diphosphatidylglycerol, phosphatidylcholine, sphingoglycolipid and phosphatidyldimethylethanolamine as major polar lipids. Additionally, two unidentified phospholipids, one unidentified glycolipid and two unidentified lipids were detected (Fig. 2) . The major polar lipid profile of strain K-1-16
T was similar to those of S. dokdonensis DS-4 T [51] , S. aurantiaca MA101b T , S. aerolata NW12 T , S. faeni MA-olki T [52] and S. xinjiangensis 10-1-84
T [53] . However, phosphatidylmonomethylethanolamine as reported by Busse et al. [52] T was similar to that of other members of the genus Sphingomonas, indicating that strain K- [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] T is a member of the genus Sphingomonas. However, the presence of some significant differences in the contents of the fatty acids clearly distinguished strain K- [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] T from other closely related species of Sphingomonas ( Table 2 ).
The DNA G+C content of strain K-1-16
T was 64.8 mol%, which falls within the range of 62-68 mol% for the genus Sphingomonas [2] . DNA-DNA hybridization values between strain K-1-16 T and S. mucosissima DSM 17494 T , S. dokdonensis KACC 17420 T , S. faeni KCCM 41909 T and S. aurantiaca KCCM 41908 T were 49.7±1.2 % (reciprocal, 51.3 ±2.5 %), 41.3±2.1 % (reciprocal, 39.0±2.6 %), 43.7±1.5 % (reciprocal, 39.7±0.6 %) and 36.7±1.5 % (reciprocal, 33.7 ±1.5 %), respectively. These values were significantly lower than the threshold value of 70 %, which clearly demonstrated that strain K- [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] T differs genetically from other type strains of the genus Sphingomonas at the species level [54] . [13] . All data are from the present study, except for those indicated in parentheses, which were taken from the literature as above in the respective analysed strains. Values are percentages of the total fatty acids. Fatty acids amounting to <0.2 % of the total fatty acids in all strains are not shown; -, not detected or <0.2 %; ND, data not available. *Summed features represent groups of two or three fatty acids that could not be separated using the MIDI system. Summed feature 3 contained C 16 : 1 !7c and/or C 16 : 1 !6c, and summed feature 8 contained C 18 : 1 !7c and/or C 18 : 1 !6c.
